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Prospective Teachers' Comprehension Levels of Special Relativity Theory 
and the Effect of Writing for Learning on Achievement 

Ali Yildiz 

Ataturk University, Erzurum 


Abstract: In the present study, the comprehension levels of special 
relativity theory in prospective teachers who take the Introduction to 
Modern Physics lesson in the faculty of education science teaching 
department and the effect of writing for learning on their achievement 
is researched. In the research, a control group pre-test post-test quasi- 
experimental research model was used. Research data were obtained 
by using open-ended questions prepared by the researcher. The lesson 
was conducted in the beginning by using the verbal-written explanation 
method. Then each student in the experimental group wrote a summary 
which clearly explains the special relativity theory for a high school 
student within the framework of the writing for learning activity. By 
contrast, the control group students solved the problems related to the 
subject in the course book. A total of 73 students (51 female and 22 
male) studying at the second grade in the 2011-2012 academic year 
participated in the study. The research findings showed that the 
comprehension levels of special relativity theory in prospective 
teachers were low; the result obtained by the qualitative and 
quantitative comparison of the post-test results of the experimental and 
control groups and their achievement percentage in the exam were in 
favor of the experimental group. Furthermore, 87.2% of the students 
who wrote down their opinions about the activity of writing for learning 
understood the special relativity theory; and the activity of writing for 
learning was effective in learning the special relativity theory. 


Introduction 

Special relativity is the theory put forward by Albert Einstein in 1905 and it examines 
the results of the non-existence of a universal reference system. There are two postulates 
which form the basis of special relativity theory. 1) Physics laws are expressed with the same 
equations in all the reference systems which move at a stable speed. 2) The speed of light in 
space (c =3.10 s m/s) is the same for every observer no matter its movement status (Beiser, 
1995; Serway & Beichner, 2000; Yildiz, 2005). Length, time and mass are relative according 
to special relativity theory. According to the theory, the length of a moving spacecraft looks 
shorter to a stable observer on earth in the direction of relative motion. The length of an 
object at a speed of 0.9c appears to be shortened as given in the Lorentz transformation at a 
rate of L/L 0 =(l-(0.9c) 2 /c 2 ) 1/2 =0.436; 43.6% as required by the L/L 0 =(l-(0.9c) 2 /c 2 ) 1/2 equation 
(Beiser, 1995). A moving clock seems to be working more slowly than another stable clock 
near the observer which is identical to the first one. If the time interval measured with a 
moving clock according to observer is t and the time interval measured with an identical 
stable clock near the observer is t 0 the relation between them is given with the t=t 0 /(l-v 2 /c 2 ) 1/2 
equation (Beiser, 1995; Serway & Beichner, 2000;Yildiz, 2005). The relativity of mass is that 
the mass of a moving object (particle) according to an observer which is measured by the 
same observer (m) is bigger than its mass (m 0 ) when it is stable according to itself. According 
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to special relativity theory, moving mass is found with the m=m 0 /(l-v 2 /c 2 ) 12 equation (Beiser, 
1995; Serway & Beichner, 2000;Yildiz, 2005). 

In the twentieth century, great interest was shown in two writing movements that were 
reflected in curricula. The first one appeared thanks to the progressive education approach of 
Dewey which started in the 1930s and continued until the 1950s. The second one is the 
movement which started in the 1970s and has continued until today. As part of the above 
mentioned second movement, writing has been a teaching activity widely-used over the entire 
world in many levels of education and in the field of science (Anson, Schwiebert & 
Williamson, 1993; Bazerman & Russel 1994; Fulwiler, 1986; Martin, D'Arcy, Newton & 
Parker, 1994; McLeod, 1992; Pearce, 1984; Russell, 1991). 

Klein (1999) states that writing activities (diary, summary, letter, article etc.) help 
students to think critically and to form a new knowledge store besides helping them to 
become individuals who can communicate well. Klein (1999) points to four hypotheses 
related to writing considering some research in the field (Bereiter & Scardamalia, 1987; 
Britton, 1982; Flower & Hayes, 1980, 1981; Newell, 1984; Young & Sullivan, 1984). The 
first hypothesis (spontaneous) is that writers generate information while writing. Namely, 
they generate information without planning or control. The second hypothesis, called 
"forward search" claims that writers materialize their opinions in their writings, when they re¬ 
read this writing, new inferences based on it are generated. The third hypothesis (genre 
structures) argues that writers use genres in order to establish a relationship between text 
elements and they bring together the elements of the information. The last hypothesis, called 
"backward search", indicates that writers choose scientific objectives which can be 
effectively expressed; they obtain satisfactory objectives from them and they change their 
knowledge in order to reach conclusions. 

The opinions of writers can change in the writing process. Thus, opinions are revealed 
in the writing process itself. While re-thinking and re-expressing, writers in the end give a 
final shape to their opinions. The information changing model is a general feature of expert 
writers as opposed to amateurs (Tynjala, 1998). The difference between the information¬ 
telling model and the information-changing model explains why simply answering study 
questions is not as effective as a studying strategy as writing an article. Study questions can 
be answered by using an information transfer strategy, however, article writing employs 
strategies which require information change and a higher thinking process such as writing 
with a purpose, writing, editing and concluding (Tynjala, 1998). 

Much research about the use of writing as a tool which improves thinking and 
learning has been conducted (Mason & Boscolo, 2000). In their studies of learning by 
writing, Langer and Applebee (1987) state that writing about a subject increases a writers' 
knowledge, helps the writer to organize his/her ideas and this contributes to the learning 
experience. Writing activity forces the writer to express his/her ideas more clearly and 
precisely. The use of writing as an intellectual activity is an important strategy for 
planned/intentional learning (Bereiter, 1990, 1994; Bereiter & Scardamalia, 1989). 

In their studies, where study groups were composed of prospective science teachers, 
Yildiz and Buyukkasap (2011a, b, c) concluded that the achievement percentage of students 
who wrote letters to final-grade high school students about the photoelectric effect, Compton 
scattering and the Heisenberg Uncertainty Principle as a writing for learning activity was 
higher than the achievement percentage of the control groups. In the same studies, the 
experimental group students indicated that they understood the subjects they wrote letters 
about and that writing for learning activities were effective in learning these subjects 
effectively. 

One of the subjects that physics education researchers are intensely interested in is the 
teaching and learning of quantum physics especially of university level. It is seen that 
pedagogical studies in this subject are more focused on conceptual learning, visualization, 
mathematical thinking and problem-solving (Didis, Ozcan & Abak, 2008). Styer (1996) 
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determined the conceptual mistakes of students in quantum subjects such as quantum states 
and identical particles. Some researchers (Singh, Belloni & Christian, 2006) have researched 
conceptual mistakes regarding the Schrodinger wave equation and revealed that these 
conceptual mistakes resulted from wrong generalizations. In the same research, the 
researchers determined that even though they solved mathematical problems, students could 
not make qualitative explanations of the questions. In his study of quantum physics lessons, 
Sen (2000) emphasized that conducting quantum physics lessons at high school physics 
lesson level could provide important advantages. The findings that Mashhadi and Woolnough 
(1999) obtained in their research on how electron and photon concepts are visualized in the 
perceptions of high school students showed that students had various non-scientific 
representations in their perceptions. Pospiech (2000) argues that the mathematical structure of 
quantum physics hides the philosophical aspect of the theory. Ireson (2000) emphasizes that 
mathematical structure does not constitute a problem and the main problem concerns the 
interpretation. Strand (1981), states that the reason why quantum physics subjects are difficult 
to teach in high school is the insufficient mathematical background of the students. Ke, Monk 
and Duschl (2005), state that solving mathematical equations in exams is not an indicator that 
students understand quantum mechanics concepts. The study conducted by Didis et al. (2008) 
revealed a variety of ways of describing quantum physics. In that study, it was seen that 
students used a "microscopic system" the most for description and they considered the 
"Heisenberg uncertainty principle" the most important principle in quantum physics. 

As stated in most of the research studies that have been conducted of mostly on 
university level and on prospective teachers (Didis, Ozcan & Abak, 2008; Ireson, 2000; Ke, 
Monk & Duschl, 2005; Mashhadi & Woolnough, 1999; Pospiech, 2000; Singh, Belloni & 
Christian, 2006; Styer, 1996; Sen 2000; Yildiz & Buyukkasap, 2011a, b, c), many conceptual 
problems can be experienced in teaching the quantum physics subject since it contains many 
abstract concepts. It is considered necessary to make extensive use of writing for learning 
activities for them to provide effective and meaningful learning (Yildiz & Buyukkasap, 

2011a, b, c) as supportive activities which facilitate conceptual changes in students (Mason & 
Boscolo, 2000) and which enable concepts to be structured in a successful and permanent 
way. 


Purpose of the Research 

1) To determine the comprehension levels of special relativity theory of the prospective 
science teachers who take the obligatory Introduction to Modern Physics lesson in a 
university, 

2) To examine the effect of writing for learning activities on the achievement of prospective 
science teachers. 
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Method 

Pattern of the Research 

In this research which has qualitative and quantitative patterns, open-ended questions 
which enable students to freely express their opinions about the research subject, and to 
simply reveal their scientific opinions (Akgun, Gonen & Yilmaz, 2005; Bauner & Schoon, 
1993) were used. A quasi-experimental research model where pre-test and post-test were 
applied and which involved a control group was used in order to determine students' opinions 
about special relativity theory in the Introduction to Modem Physics lesson, and the effect of 
writing for learning activities on their achievement. The lesson was conducted in the groups 
by a "verbal and written expression" method (Akdeniz, Bektas & Yigit, 2000). Each student 
in the experimental group wrote a summary to clearly explain the special relativity theory for 
a high school student. The summary was written for high school students as special relativity 
theory is conducted only in the last grade of high school according to the curriculum. Control 
group students solved the problems related to special relativity theory in the course book. 


Study Group 

The study group was composed of a total 73 second grade students studying in the 
faculty of education, elementary science teaching department of a public university in the 
2011-2012 academic year. Thirty nine of them (13 males and 26 females) were in the control 
group; and 34 of them (9 males and 25 females) were in the control group. The groups were 
organized by drawing between the students from two classes (class A and class B) in the 
second grade of the science teaching undergraduate program. 


Application 

The stages of the application made in the research are given below: 

1) The groups were set a test composed of open-ended questions about special relativity 
theory at the beginning of the semester. 

2) The correct answer for each question and the grading for each process of this answer were 
determined at the end of a joint deliberation by 3 experienced academics. The document 
prepared in this study was used in order to determine the pre-test post-test success grades of 
prospective teachers. When the results were examined, it was seen that the pre-test grade 
means of the groups were close to each other (11.5 and 12.7); based up on t-test results the 
difference between the grades of groups was not statistically significant (p=0.672; F=2.435; 
df=71.000-70.595) and it was possible to consider the groups as identical before the 
application (Table 7). 

3) The subject matter of the research was taught in accordance with the curriculum. Then a 
directive on when and how submit the summary about writing for learning was distributed to 
the students in the experimental group. It was examined by all the students; necessary 
explanations were made and the questions of the students were answered in a detailed way. In 
the directive of writing for learning activity, it is stated that the activity should be in the form 
of a summary. It states clearly and in detail for whom the summary is to be written, the 
subject of the summary, that it should be scientific, when and how to deliver it and how it 
would be assessed. 

4) Two weeks after explaining the writing for learning activity directive, the summaries 
written by the experimental group students for high school students were delivered to the 
researcher. At the same time, the control group students were asked to solve problems about 
special relativity theory in their course books. 
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5) Then, the post-test was applied on the experimental and control groups on the same day. 
Furthermore, only the experimental group students were asked additional questions in order 
to ascertain their opinions about the writing for learning activity. 

6) In the days following the application of the post-test, "open-ended sensitizer interviews" 
about the advantages that writing for learning activity provides were realized with some 
students who were randomly selected from among all the students who participated in the 
activity (Rubin, 1983; Yildirim & Simsek, 2011). 


Data Collecting 

Some research data were obtained by using six open-ended questions prepared by the 
researcher. Three experienced academics, who had conducted the Introduction to Modern 
Physics lessons in previous years, and who worked in the same faculty, were asked to 
examine the research questions and to state their opinions. In line with their comments, 
necessary corrections were made. A preliminary study was conducted by asking the research 
questions to third-grade students who had taken the Introduction to Modem Physics lesson in 
the previous year before applying them on the research groups. It was concluded that the 
open-ended questions were suitable by considering the data of this preliminary study. Before 
teaching the subject matter of the research, after the special relativity subject was completed 
and the summaries were delivered to the researcher, a post-test was applied to the groups. 
Moreover, after the students had completed their writing for learning activities during the 
semester, a mid-term exam, which covers all the subjects in accordance with the curriculum, 
was given. The total correct answers that students gave to the questions about the special 
relativity theory in the mid-term exam were considered as an achievement criterion. The 
number of correct answers was evaluated; and the control and experimental groups were 
compared (Table 9). 


Data Analysis 

Three experienced academics worked in collaboration in order to assess the answers 
that the students had written for the open-ended questions of the research. The correct 
answers to each of the questions and the grading of each process of these questions were 
determined by common consent in the study. This document was used in order to determine 
the pre-test post-test grades of students. At the beginning and at the end of the application, 
pre-test and post-test were applied to both the experimental and the control groups. Their 
grades were interpreted by independent 2 sample t test (SPSS 13 package statistics program) 
and compared with each other. The significance degree was set at 0.05. While analyzing the 
alternative answers that students gave to the open-ended questions in the post-test, answers 
were grouped according to their similarity. They were incorporated in related tables under the 
title of "research findings". The required assessments were made in the "conclusion" part of 
the study. Furthermore, common examples of the written answers that students gave to the 
open-ended question, "What do you think of the advantages that writing for learning activity 
(summary writing) provides you with?", which was asked only of the experimental group 
students in the post-test, were presented under the related title in the "findings" section of the 
study. 
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Findings 

Qualitative examination of the effect of writing for learning activities related to special relativity theory 
on student achievement 

In this part of the study, the experimental group, which wrote a summary within the 
framework of the writing for learning activity, and the control group which solved problems 
in the course book related to the subject were compared with each other according to post-test 
results. The lesson was conducted in both groups by using the "verbal-written explanation 
method” (Akdeniz et al., 2000). 


Question 1 

According to special relativity theory, what does the length of a moving spacecraft appear to 
be to a stable observer on earth in the direction of motion? 


Student Answers 

Experimental Group 

Control Group 

Number of 
Students 

% 

Number of 
Students 

% 

It looks shorter 

25 

64.1 

28 

82.4 

It looks to be shortened as much as (1 -v 2 /c 2 ) 1/2 
multiplier 

5 

12.8 

- 

- 

It looks longer 

3 

7.7 

5 

14.7 

Other answers (It looks at L o length, L >L o , it looks 
very speedy...) 

5 

12.8 

- 

- 

No answer 

1 

2.6 

1 

2.9 

Total 

39 

100 

34 

100 


Table 1: Answers that the experimental and control group students wrote for the question, “What does 
the length of a moving spacecraft appear to be to a stable observer on earth in the direction of motion?" 


Question 2 

According to special relativity theory, how do moving clocks work according to a stable 
observer on earth compared to stable identical clocks? 


Student Answers 

Experimental Group 

Control Group 

Number of 
Students 

% 

Number of 
Students 

% 

It works more slowly 

27 

69.2 

24 

70.6 

It does not work similarly/It works differently 

2 

5.1 

- 

- 

Time has relativity; t=t„/(1-v 2 /c 2 )' , t >t„; t>t„ 

3 

7.7 

- 

- 

It works faster. 

1 

2.6 

4 

11.8 

No answer 

6 

15.4 

6 

17.6 

Total 

39 

100 

34 

100 


Table 2: Answers that the experimental and control group students wrote for the question, "According to 
special relativity theory, how do moving clocks work according to a stable observer on earth compared to 

stable identical clocks? 
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Question 3 

Is the speed of light (c) different in the motionless reference system for stable A observer and 
moving B observer? Or not? Why? 


Student Answers 

Experimental Group 

Control Group 

Number of 
Students 

% 

Number of 
Students 

% 

It is the same for both observers because the speed 
of light is the highest speed. 

6 

15.4 

6 

17.6 

It is the same for both observers because the speed 
of light is stable. 

8 

20.5 

7 

20.6 

It is the same for both observers. 

1 

2.6 

10 

29.4 

Because the speed of light does not change 
according to the source and observer. 

5 

12.8 

2 

5.9 

Speed of light is the same in all motionless 
reference systems. 

7 

17.9 

- 

- 

It is different. 

2 

5.1 

2 

5.9 

It is different. A measures the speed of light higher 
as it is motionless. 

1 

2.6 

3 

8.8 

It is different because the reference systems are 
different. 

5 

12.8 

2 

5.9 

It is different because it reaches B later as B is 
moving. 

2 

5.1 

- 

- 

No answer 

2 

5.1 

2 

5.9 

Total 

39 

100 

34 

100 


Table 3: Answers that the experimental and control group students wrote for the question "Is the speed 
of light (c) different in the motionless reference system for stable A observer and moving B observer? Or 

not? Why?" 


Question 4 

What is synchronization according to special relativity theory? 


Student Answers 

Experimental Group 

Control Group 

Number of 
Students 

% 

Number of 
Students 

% 

Observers at A and B receiving A signal expanding in 
the middle of the line which combines A and B points. 

8 

20.5 

5 

14.7 

For an observer in a moving wagon, light projections 
coming out of the source in the middle reach to front 
and back photocells. They do not reach the stable 
observer outside at the same time. 

8 

20.5 

- 

- 

Synchronization is not absolute. 

2 

5.1 

2 

5.9 

Time difference in perceiving the incidences for 
observers in different reference systems. 

4 

10.3 

4 

11.8 

Different perception of an incidence by two different 
observers. 

2 

5.1 

1 

2.9 

That either of the twins is late and the other is old. 

- 

- 

1 

2.9 

Other answers (time expansion, the event that a 
direction which appears throughout a line increases 
throughout each line...) 

7 

17.9 

15 

44.1 

No answer 

8 

20.5 

6 

17.6 

Total 

39 

100 

34 

100 


Table 4: Answers that the experimental and control group students wrote for the question, "What is 
synchronization according to special relativity theory?" 
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Question 5 

According to you, what are the equations (correlations, formulas) related to special relativity 
theory? 


Student Answers 

Experimental Group 

Control Group 

Number of 
Students 

% 

Number of 
Students 

% 

T T /, Tj~TTUI~~ TTF\ 1 t //I 2/ 2x1/2 

L=L n ( 1 -v /c ) , t=y ( 1 -v /c ) , m=ny( 1 -v /c ) 

13 

33.3 

5 

14.7 

T T //I 2/ 2x1/2 , . //i 2/ 2x1/2 //t 2/ 2x1/2 

L=L„/( 1 - v /c ) , t=t„/( 1 -v /c ) , m=m„/( 1 - v /c ) 

5 

12.8 

- 

- 

T T //I 2/ 2x 1/2 7/1 2/ 2x1/2 

L=L„/( 1 - v /c ) , m=mj( 1 -v /c ) 

4 

10.3 

4 

11.8 

L=L„(l-v/c) , t=t„/(l-v/c) 

4 

10.3 

1 

2.9 

T T /I 2/ 2x1/2 , . i/i 2/ 2x1/2 -p-1 2 t-i 2 

L=L„(l-v /c ) , t=t„/(l-v /c ) , E„=m„c , E=mc 

1 

2.6 

- 

- 

L=L„(l-v /c ) , t=t„(l-v /c ) , m=m„/(l-v /c ) 

1 

2.6 

- 

- 

t=t/(l-v7c 2 )‘' 2 , m=m/(l-v 2 /c 2 ) l;2 , p=rrrv/(l- 

2/ 2x1/2 

V /c) 

1 

2.6 

- 

- 

T T /I 2/ 2x 1/2 -l—i 2 

L=L„(l-v/c) , E„=m„c 

1 

2.6 

- 

- 

L=L n (l-v /c ) 

1 

2.6 

3 

0° 

bo 

m=m n /(l-v 2 /c 2 ) 1 ' 2 

1 

2.6 

5 

14.7 

t=ty(l-v7c 2 )‘' 2 , E=mc 2 

1 

2.6 

- 

- 

L=L„(l-v/c) ,t=t„(l-v/c) 

1 

2.6 

- 

- 

P=m n v/(l-v7c 2 ) 1 ' 2 

- 

- 

8 

23.5 

Other answers (£=£’+£,., constant velocity a=0,...) 

- 

- 

4 

11.8 

No answer 

5 

12.8 

4 

11.8 

Total 

39 

100 

34 

100 


Table 5: Answers that the experimental and control group students wrote for the question, "What are the 

equations related to special relativity theory?" 


Question 6 

What does the expression, "Basic laws of physics are the same in all motionless reference 
systems" remind you of? What is it related to? 


Student Answers 

Experimental Group 

Control Group 

Number of 

% 

Number of 

% 


Students 

Students 

It reminds me of the special relativity theory of 
Einstein 

10 

25.6 

16 

47.0 

It is one of the hypotheses of special relativity 
theory 

6 

15.4 

- 

- 

It states that basic laws of physics are not relative 

3 

7.7 

4 

11.8 

It is related to the first (1st) law of Newton 

3 

7.7 

1 

2.9 

It is about the fact that speed of light is stable and 
the highest speed limit in nature 

2 

5.1 

- 

- 

It reminds me of the synchronization principle 

- 

- 

4 

11.8 

Other answers (about time's relativity) 

6 

15.4 

4 

11.8 

No answer 

9 

23.1 

5 

14.7 

Total 

39 

100 

34 

100 


Table 6: Answers that experimental and control group students wrote for the question "What does the 
expression "Basic laws of physics are the same in all motionless reference systems" remind you of? What 

is it related to?" 
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Quantitative examination of the effect of writing for learning activities related to special relativity theory 
on student achievement 


Groups 

N 

Arithmetical Mean 

Standard Deviation 

Conclusion 

Test 

39 

11,54 

13,318 

U=-°’4i9; 

P=0,672 > 0,05 

Control 

34 

12,74 

10,735 


Table 7: T test results for the pre-test grades of the experimental and control groups for special relativity 

theory 


Groups 

N 

Arithmetical Mean 

Standard Deviation 

Conclusion 

Test 

39 

53,51 

16,024 

t ( 7i,=3,930; 

P=0,0001 <0,05 

Control 

34 

40,03 

12,817 


Table 8:T test results for the post-test grades of the experimental and control groups for special relativity 

theory 

According to Table 8, the arithmetic mean of post-test grades of experimental group 
for special relativity theory is X=53.51, while the arithmetic mean of post-test grades of 
control group is X=40.03. There is a significant difference between the arithmetic means of 
the post-test grades of experimental and control groups (t (71 =3,930; P=0,0001< 0,05). 


Students' Achievements Based on the Answers They Gave to the Questions Related to Special Relativity 
Theory in the Exam Made within the Framework of the Academic Calendar 


Subject 

Achievement Rate of 
Experimental Group Students 

(%) 

Achievement Rate of Control 
Group Students (%) 

Special relativity theory 

70.3 

60.6 


Table 9: Experimental and Control Group Students' Rate of Giving Correct Answers to the Questions 
Related to Special Relativity Theory in the Mid-term Exam 

The total correct answers that students gave to the questions about special relativity 
theory in the mid-term exam with test questions were considered as an achievement criterion 
(Table 9). When the exam results of the students are compared, it is seen that the 
experimental group students' rate of giving correct answers to the questions about the writing 
for learning activity is higher than that of the control group. This finding shows that students 
who wrote a summary of special relativity theory are more successful than who did not write 
a summary. 


Student Opinions on the Writing for Learning Activity (Summary) about Special Relativity Theory 

Thirty four of the experimental group students (87.2%) gave written positive answers 
and 5 of them (12.8%) did not give any written opinion (either negative nor positive) about 
the question, "What do you think of the advantages that writing for learning activity 
(summary writing) provides you with?" which was asked in post-test. In the subsequent 
interviews (open-ended sensitizer interview), students gave answers similar to those they 
wrote before for the same question. In the interviews, it was seen that the students' answers 
were confirming the opinions they had stated in writing before and they were very similar to 
each other. Common and representative examples of these original written answers are given 
below. 
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I strengthened my knowledge, I better understood the subject, I compensated for my deficiencies. With this way, 

I had the opportunity to study. 

It helped me to better comprehend the subject. It helped me to question what I know and what I do not know 
about the subject about which I wrote a summary. It caused me to think about the question, "How can I better 
understand the subject?" 

It enabled me to understand the subject. 

It really helped me to better comprehend the subject. I made at least a little preparation for this lesson even 
though I am a lazy student. 

When all the opinions are examined, it can be seen that students express that they 
leam to organize scientific thoughts with their own sentences; to make comments, to 
associate main thoughts in a subject, to concisely present the information by organizing it and 
they remember more easily the subjects about which they write summaries as was also stated 
in some research studies (Dogan & Cavus, 2008; Uzoglu, Gunel & Buyukkasap, 2008). 

The reason why students' opinions were determined in the post-test is the researcher's 
intuition that students may be more aware of the advantages and problems they have while 
answering the post-test questions; and they can write their opinions about their achievements 
and failures in a more sensitive and accurate way. 


Discussion of Results 

Important findings were obtained at the end of the analysis of data obtained in the part 
of the research where the students' comprehension level of special relativity theory was 
qualitatively researched. It is important that the experimental group students wrote the 
answer, "It looks to be shortened as much as the (l-v 2 /c 2 ) 12 multiplier" for the question what 
does the length of a moving spacecraft appear to be to a stable observer on earth in the 
direction of motion? (12.8%). This answer is an expression which can be written by students 
who think more profoundly and who have a better comprehension than the students who were 
expected to write "Its length looks shorter." The answer, "Speed of light is the same in all the 
motionless reference systems" that the experimental group students wrote (17.9%) for the 
question "Is the speed of light (c) different in the motionless reference system for stable A 
observer and moving B observer? Or not? Why?" is also remarkable. The answer, "Light 
projections which come out of the middle source for an observer in a moving wagon reach 
the front and back photocells at the same time. They cannot reach them at the same time 
according to a stable observer outside." (20.5%) that the experimental group students wrote 
for the question, "What is synchronization according to special relativity?" is an answer 
which can be written only by students who are one step ahead of the others in terms of 
understanding the subject. It is seen that this answer was not written by anybody from the 
control group. The rate of students who could correctly write the equations which show that 
time, length and mass are relative (t=t 0 /(l-v 2 /c 2 ) 1/2 , L=L 0 (l-v 2 /c 2 ) 1/2 , m=m 0 /(l-v 2 /c 2 ) 1/2 ) is 
33.3% for the experimental group students and 14.7% for the control group students. It is 
significant that only the experimental group students (15.4%) answered, "It is one of the 
hypotheses of special relativity theory" for the question, "What does the expression "Basic 
laws of physics are the same in all motionless reference systems" remind you of? What is it 
related to?" 

In the part of the research which qualitatively examines the effect of the writing for 
learning activity for teaching special relativity theory on the academic achievements of 
students, the post-test grades of the experimental and the control groups were interpreted by 
independent two sample t test and they were compared. It was seen that the results of this 
comparison showed a significant difference for special relativity theory in favor of the 
experimental group students. When the results of a mid-term exam which was applied after 
the writing for learning activity in accordance with the academic calendar were examined, it 
was seen that the percentage of giving correct answers to the test questions about the subject 
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of the summary they wrote was higher for the experimental group than for the control group. 
When the experimental and the control groups are compared, these rates are 70.3% and 
60.6% in favor of the experimental group. 

Yildiz and Buyukkasap (2011a, b, c) are in parallel with the results of the present 
study. When students' opinions about writing for learning activities on special relativity 
theory are examined, 87.2% of them (this rate is 100% of the students who expressed their 
opinions in writing) stated that the summaries they wrote made scientific knowledge 
permanent (Rivard & Straw, 2000) and helped them to learn the abstract subjects which are 
difficult to leam (Hohensell, Hand & Staker, 2004). When the researcher continued to 
examine the positive opinions (whose percentage is given above), it was seen that students 
express that they learn to organize scientific thoughts with their own sentences; to make 
comments, to associate main thoughts in a subject, to concisely present the information by 
organizing it and they remember more easily the subjects about which they write summaries 
as was also stated in some research studies (Dogan & Cavus 2008; Uzoglu et al., 2008). 

The "Verbal-written explanation" method was used in the groups for the Introduction 
to Modem Physics lesson. Using writing for learning activity in addition to this method in the 
experimental group resulted in a significant difference between the post-test grades of the 
experimental group and the control group (Table 8). Students in the experimental group who 
applied writing for learning activity for learning special relativity theory were more 
successful than the students in the control group. In other words, it was concluded that 
writing for learning activities were effective in increasing the students' comprehension levels 
of special relativity theory (Yildiz & Buyukkasap, 2011a, b, c). This result shows that this 
activity can be used as an efficient method for teaching special relativity theory in quantum 
physics subjects in the Introduction to Modem Physics lesson. Because these activities 
facilitate students' conceptual changes (Mason & Boscolo, 2000) it enables them to 
successfully and permanently structure the related concepts. 


Conclusion 

Research studies (Tynjala, 1998; Mason & Boscolo, 2000; Yildiz & Buyukkasap, 
2011a, b, c) indicate that writing for learning activities which realize conceptual changes in 
students by facilitating them and that make students discover and structure the information by 
centralizing it, and the instruction techniques which involve these activities, can be useful. 

For this reason, it could be proposed that teachers should use writing for learning activities in 
the instruction of an abstract subject such as special relativity theory in a field which has 
abstract subjects such as quantum physics. At the end of this study, suggested to carry out 
writing for learning activities with other activities such as the diary, short story, brochure, 
poster and article for making significant contributions to the field. 
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